Abstract We studied how to measure the secondary electron emission (SEE) of metal and insulating materials used for satellite thermal insulation or other such purposes. SEE yield measurement is very important for analyzing charge accumulation on the satellite surfaces due to the space environment because electron emission due to irradiated electrons influences the amount of surface charge. Therefore, we tried to measure the SEE yield.
I. INTRODUCTION
Artificial satellites in space have been widely used for satellite broadcasting, satellite telecommunication and so on, and have become very important and even necessary in our modem life.
However, satellite failures caused by surface or internal charging have recently been reported. For example, a power outage occurred in Advanced Earth-Observing Satellite-II (ADEOS-II, also called Midori-2) that was launched into orbit in December 2002 . We thought that electrostatic discharge (ESD) may have triggered the accident. Koons et al. researched the origins of satellite losses caused by the space environment during the last 25 years [1] . Figure 1 depicts the ratio and origin of satellite losses. From the figure, ESD accounted for more than 5000 of all satellite accidents.
For the above reason, we must investigate spacecraft charging due to irradiation by radioactive rays and the plasma environment. In particular, we focused on secondary electron emission (SEE) materials produce when irradiated by electrons. It is an important parameter for surface charging on satellites.
The Japan Aerospace Exploration Agency (JAXA) has jointly developed with the Kyushu Institute of Fig. 2 ) [3] [4] [5] .
This system has a faraday cup in order to observe SEE from materials at the High-Energy Accelerator Research Organization (KEK), Japan. This system employs a pulse-beam method using a beam-blanking unit to observe SEE yields without charging insulation material surfaces. The beam width of the primary irradiated electron beam is 1 ms, and the peak current of the pulse beam is 100 pA.
The primary and secondary electrons were observed Figure 3 illustrates the relationship between the orbit position and the electron and proton flux [6] . In this figure, the broken lines indicate the electron flux and the total number of electrons at different energies, which are indicated on the end of each line. From the figure, the electron enregy depends on the type of orbit and is distributed from a few eV to several keV or even several MeV. We found that electrons with energy of < 0. Because the primary irradiated electrons charged the insulation sample surface, subsequent primary electrons could not produce many secondary electrons from the charge sample as shown in Fig. 4 (b) . We caluculated the SEE yield 6 using the peak signal of IP and Is as follows. 
III. RESULTS AND DISCUSSIONS
A. SEE 3 measurement results ofreference samples and cover glass Figure 5 presents the measurment resutls of SEE yield 6 for Au, Ag, quartz glass, and cover glass. The data shown were calculated using equation (1) after averaging five times. From the figure, we found that the maximum value of SEE yield 6m is 1.75 for Au, 1.67 for Ag, 3 .38 for quartz glass, and 5.72 for cover glass. Normaly, the 6m of conduction materials and metals are higher than those of insulration materials; those 6m are less than 2.0. From this experiment, 6m of Au, Ag and quartz glass which were measured using our BBSEM have acceptable errors compared with reported values [7] . However, Kawakita et al [5] reported a 6m for cover glass of 6m = 10, and our measuredvalue is just half that. Therefore, we tried to measure SEE again using the same sample they used. We then compared the 6 of our new samples and their old sample with respect to the individual variation of material and difference in manufacturing year. close to the 6m of quartz glass (Fig. 5) . Therefore, the low observed value for the sample with ultrasonic cleaning is thought to result from the coating surface being peeled off by the ultrasonic cleaning so that the primary electron beam was irradiated directly onto the surface without the coating. Futhermore, the difference between the 6m of the old sample without ultrasonic cleaning and that of the new sample is approximately 15%, which can be accounted for by individual differences. However, the 6m of the old sample without ultrasonic cleaning also is 3500 smaller than the reported value. It was reported that the 6m of the MgF2 coated sample with accelerated deterioration by electron beam decreased from 10 to 3 [5] . Therefore, the 6m of this experiment on the cover glass was less than the reported 6m due to some kind of accelerated deterioration of the MgF2 coating. We 
